Background We investigated socioeconomic differences in patient-reported outcomes after a hip or knee replacement and the contribution of health differences beforehand.
Introduction
Hip and knee replacements are two of the most common elective operations carried out in England. Surgery is usually carried out to relieve chronic pain and disability caused by osteoarthritis, which mostly affects people over the age of 60. Surgery is generally effective and is safe compared with other major surgery, with 30-day mortality at around 0.5%. 1 However, living in a deprived area, having a lower income, and having less education seem to be associated with worse pain, mobility and quality of life after a hip or knee replacement, 2 -7 although two English studies did not find a strong association. 8, 9 Previous studies have identified inequities in the provision of hip and knee replacement relative to need in England, 10, 11 and in a previous paper, we demonstrated that patients living in poorer areas had more severe hip and knee problems at the time of surgery. 12 In turn, disease severity and comorbidity before surgery affect outcomes afterwards. 2, 13, 14 Understanding how far differences in outcomes are due to differences in preoperative disease severity, which relate to the timing of surgery, or to postoperative improvement could inform health service strategies to reduce inequalities. 6 months in more than 100 000 patients who had a hip or knee replacement in the English National Health Service (NHS). First, we looked at socioeconomic differences in condition-specific pain and disability, adjusting for some characteristics, but not for the preoperative severity or duration of disease in order to capture differences related to the timing of surgery. In a second step, we adjusted in addition for these factors, thus capturing an indirect measure of postoperative improvement in the underlying condition. We also compared differences in the percentages of patients in the most-deprived and least-deprived groups who judged their hip or knee problems to be no better than before.
Methods

Data
We used data from the National Patient-Reported Outcome Measures (PROMs) Programme for elective surgery in England, 16 including in our sample patients who had a hip or knee replacement between April 2009 and February 2011. All NHS patients were given a questionnaire about their hip or knee condition and general health by hospital staff either at the preoperative assessment or on admission. They were posted a follow-up questionnaire 6 months afterwards, asking the same questions again, plus their views on the outcome of their operation.
Questionnaire data were linked at a patient level to data about their hospital admission extracted from the Hospital Episode Statistics (HES) for patients treated in NHS providers, and NHS-funded patients treated in private hospitals and independent sector treatment centres. We excluded patients who did not have a linked record in HES or who had not returned a postoperative questionnaire with complete information on the main outcome (see below). Our final sample included 59 680 hip replacement patients treated in 275 surgical providers (NHS hospital trusts and treatment centres, private hospitals and independent sector treatment centres) and 62 303 knee replacement patients in 273 surgical providers (Fig. 1) .
Our main outcomes were the postoperative Oxford hip score (OHS) or Oxford knee score (OKS), whilst the preoperative OHS or OKS were our measures of disease severity at the time of surgery. 17, 18 Both instruments (OHS and OKS) produce scores that are derived from patient responses to 12 questions about pain and limits on physical functioning and everyday activities caused by the hip or knee. Responses to each question are measured on a 5-point scale, and values associated with each response are added up to produce an overall score with the range 0 (worst) to 48 (best). Both scales have been shown to be internally consistent, reliable and to correlate with surgeon-assessed measures of symptoms and disability in patients undergoing a hip and knee replacement. 19 -22 Our secondary outcomes were derived from responses to the question: 'overall, how are the problems now in the (hip/knee) on which you had surgery, compared with before your operation?'. Five categories of response were 'much better', 'a little better', 'about the same', 'a little worse' and 'much worse'. Responses were grouped to form a binary outcome, taking the value 1 for patients that reported no improvement in problems (i.e. same or worse) and 0 for those that reported them to be a little or much better.
Measures of patients' age, sex, symptom duration, general health and comorbidity were derived from responses to the preoperative questionnaire, along with an identifier for the surgical provider. Patients were asked how long they had experienced problems with the hip or the knee on which they were about to have surgery. We derived a binary variable identifying who had longstanding symptoms (longer than 5 years). Patients were also asked to rate their general health on a 5-point scale with the categories: 'excellent', 'very good', 'good', 'fair' or 'poor'. Finally, they were asked whether they had been told by a doctor that they had any of the following conditions: heart disease; high blood pressure; problems caused by a stroke; leg pain when walking due to poor circulation; lung disease; diabetes; cancer (within last 5 years) and depression.
Information on surgery type ( primary or revision), primary diagnosis (osteoarthritis or other), socioeconomic status and ethnicity were extracted from HES records. Revision operations were identified with OPCS-4 procedure codes in HES. 22 A primary diagnosis of osteoarthritis was identified with the ICD-10 codes M15, M16 and M17.
Socioeconomic deprivation was measured with the English Index of Multiple Deprivation (IMD) for 33 482 areas based on patients' residential postcodes. 23 These areas each cover a population of around 1500 people (400 households), with geographical boundaries selected to make the areas as similar as possible with respect to housing types and tenures. The index is a weighted average of eight indices that cover income, employment, health and disability, education skills and training, barriers to housing and services, living environment and crime. We measured socioeconomic deprivation with quintiles of the national ranking of areas by IMD.
Ethnicity was extracted from the HES records coded as 2001 census ethnic categories. Using the five main census categories, we grouped patients into two groups: those of white ethnicity in the first and those of South Asian, black, Chinese, mixed and other ethnicity in the second. Where ethnicity was not stated, we treated the value as missing. An exercise was undertaken to reduce the amount of missing ethnicity and deprivation data, using patient data from previous hospital admissions.
Statistical methods
We used multivariable linear regression to explore the relationship of socioeconomic deprivation (IMD quintile) with the postoperative score (OHS or OKS). First, we adjusted for age, sex, ethnicity, comorbid conditions, preoperative general health, having revision surgery and a primary diagnosis of osteoarthritis, but not for the severity or duration of hip or knee problems. Thus, adjusted differences in outcome can be attributed to the combined effects of differences in the timing of use of surgery, in so far as they affect preoperative disease severity, as well as differences in postoperative improvement.
In a second step, we also adjusted for the preoperative score and presence of longstanding problems (duration of .5 years). By adjusting for the preoperative score (OHS or OKS), we capture an indirect measure of improvement in the underlying condition. In other words, variation in the postoperative score, given roughly the same preoperative score, can also be conceived as variation in the improvement in scores. We modelled the preoperative score as deciles to allow for non-linearity in their relationship with the postoperative score. This non-linearity is the main reason for not directly modelling the change in scores as the dependent variable, as well as regression to the mean. Linear regression coefficients are reported in the Supplementary data, Tables  A2 and A3. Third, we used multivariable logistic regression to explore the relationship of deprivation with the odds of reporting no improvement in hip or knee problems. This analysis is of interest, since it relies on a direct retrospective assessment of improvement and focuses on a negative outcome, i.e. no improvement.
We always included hospital as a random effect to allow for some of the between-hospital variation in outcomes. We also experimented with including hospital as a fixed effect (results given in the Supplementary data, Table A3) .
Missing values for all variables were imputed with chained equations. 24 Individuals with missing postoperative outcomes were included in the imputation model, but excluded from the final analyses. Analyses were run on each of 10 imputed data sets and estimated parameters were combined using Rubin's rules.
Descriptive results are presented as means and percentages. Model results are presented as adjusted differences and adjusted odds ratios (ORs), both with their 95% confidence intervals.
Results
Sample characteristics
There were fewer patients living in socioeconomically deprived areas in our samples than would be expected if the samples were representative of the whole English population (in which case, one would expect 20% in each IMD category since they are based on quintiles of a ranking of areas that cover similarly sized populations). The majority of patients were female (60% for the hip and 57% for the knee) and aged over 60 (80% for the hip and 84% for the knee). Only a small minority of patients were of South Asian, black, Chinese, mixed or other non-white ethnicity (1% for the hip and 3% for the knee). Patients living in more deprived areas were more often younger (under 60) and of South Asian, black or other non-white ethnicity (Tables 1 and 2) .
Patients living in more deprived areas were more likely to report comorbid conditions (except for cancer) and to report poorer general health. The percentage of patients reporting their health as fair or poor was 33% in the mostdeprived quintile compared with 18% in the least-deprived quintile for a hip replacement and 36% compared with 20% for a knee replacement (Tables 1 and 2 ).
There was an association between deprivation and the severity of hip and knee problems before surgery. The hip replacement patients in the most deprived quintile had a mean score of 15.7 on the OHS, compared with 19.7 in the least deprived, with lower scores indicating more severe problems.
The corresponding figures for knees were 16.3 and 20.5 on the OKS (Tables 1 and 2 ).
Association between deprivation and the postoperative OHS or OKS Six months after surgery, patients living in more deprived areas tended to have more pain and disability caused by the hip or the knee than other patients. The mean score for patients in the most-deprived quintile was roughly 5 points lower than that for patients in the least-deprived quintile: the mean scores were 34.4 and 39.4 on the OHS and 30.1 and 35.5 on the OKS. There was also more variation in the postoperative scores in the most-deprived group than in the least deprived group, with standard deviations of 10.9 vs. 8.6 on the OHS and 10.9 vs. 9.3 on the OKS (Table 3 , first column).
After adjusting for patients' age, sex, ethnicity, comorbid conditions and preoperative general health, the association between deprivation and the postoperative score was reduced. Poor circulation, depression and fair or poor general health were associated with a worse postoperative score and were more common in more deprived groups.
Comparing the most-and least-deprived quintiles, the adjusted differences in the mean scores were 3.6 (95% confidence interval (CI): 3.3 -3.9) on the OHS and 3.5 (95% CI: 3.3 -3.8) on the OKS (Table 3 , middle column).
Association between deprivation and improvement in the OHS or OKS
The adjusted associations between deprivation and the postoperative OHS or OKS were further reduced but not removed by including the preoperative OHS or OKS in the models, as well as an indicator of longstanding symptoms. The effects of including these factors can be seen by comparing the middle and the final columns of Table 3 . The Figures are percentages based on complete data for the relevant variable unless stated otherwise.
SOCIOECONOMIC DIFFERENCES IN PATIENT-REPORTED OUTCOMES
adjusted differences between the most-and least-deprived quintiles were 2.8 (2.5 -3.0) on the OHS and 2.4 (2.2 -2.7) on the OKS (Table 3 , final column). These figures can also be interpreted as adjusted differences in postoperative improvement in scores.
Association between deprivation and reporting no improvement
Patients in the most socioeconomically deprived group were more likely than other patients to report their hip or knee problems as the same or worse after their operation. The percentages reporting no improvement were 8.2% in the most-deprived group and 5.0% in the least-deprived group after a hip replacement and 16.8 vs. 10.6% after a knee replacement (Table 4 ). These differences in percentages correspond to unadjusted ORs of 1.7 for both hip and knee replacement. After adjustment, the associations were reduced but did not disappear. Comparing the most-and least-deprived quintiles, the adjusted ORs were 1.4 (1.2 -1.6) for hips and 1.4 (1.3 -1.5) for knees. Adjusting for the preoperative OHS or OKS did not have an impact on these estimates. As well as patient characteristics and hospital, adjustment was made in addition for the preoperative OHS or OKS, thus capturing an indirect measure of improvement in the OHS or OKS, plus the presence of longstanding problems.
Discussion
Main findings of this study
On average, patients living in socioeconomically deprived areas reported worse condition-specific pain and disability after a hip and knee replacement. This difference was partly related to differences in preoperative general health, comorbidity and disease severity. But a difference remained after adjustment for these factors, suggesting less postoperative improvement (benefit from surgery) in pain and disability. Also, people from more deprived groups were more likely to report that their hip and knee problems were no better or worse.
What is already known on this topic?
Two Scottish studies, each including more than a thousand patients, found an association between greater socioeconomic deprivation, based on a residential area, and worse pain and functioning a year or more after a hip 2 or knee replacement, 3 The first study found that postoperative OHS scores were lower in more deprived patients after adjusting for their preoperative scores, and the risk of dislocation and 90-day mortality was higher. 2 The US studies and an Italian study also found more complications, worse health status and higher mortality after a hip replacement in patients with low incomes. 4 -7 In contrast, a study of complications after a hip or knee replacement surgery amongst 655 patients in a London hospital found no evidence of differences in preoperative risk factors or complication rates. 8 The authors suggested that the selection of healthier patients for surgery may have reduced variation in complication rates, including socioeconomic differences. A second study concluded there was not an association between deprivation (using Townsend score of residential area) and the knee function a year after surgery, although the reported P-values seem to show that associations were statistically significant, if small. 9 
What this study adds
Our results demonstrate differences in outcomes linked to patients' socioeconomic status after a hip and knee replacement in a large, representative sample of patients treated in the English NHS. Part of the difference was related to disease severity at the time of surgery. Thus, strategies to encourage patients to present at an earlier stage in the course of their disease and general practitioners to refer deprived patients earlier could help to reduce inequalities in outcomes.
Although the majority of patients from all socioeconomic groups saw an improvement in their condition, patients living in deprived areas experienced less improvement on average, and more often reported a lack of improvement. Patient factors may contribute to these differences. First, amongst older people, those who are less well off are more likely to live alone and have less social support, 25 which has been shown to correlate with functional outcomes after knee replacement. 26 A reason suggested by the authors for this correlation was the positive influence of social support on participation in rehabilitation activities.
Second, people with more education, which is correlated with deprivation, may be better informed and therefore have more realistic expectations, as well as better knowledge about what is needed for their recovery. The impact of positive expectations on patients' views of improvement after surgery has been demonstrated in prostate surgery. 27 Patient expectations of a hip replacement tend to focus on activity limitations. 28 Patients with less education (and worse hip function) were found in one study to have higher expectations of the effectiveness of a total hip replacement in alleviating pain and improving walking and everyday activities. 29 In another study, although the vast majority (90%) of patients reported their expectations being fulfilled 4 years after a hip operation, this was less often true for those with worse preoperative function. 30 As well as leading to potential dissatisfaction with the results of the operation, the authors suggested that unrealistically high expectations of surgery could cause patients to become discouraged with postoperative rehabilitation and less likely to continue participation, which could limit improvement in mobility.
Differences in the quality of care provided by hospitals, primary care and community services between deprived and affluent areas could be a factor, not fully accounted for in our models. In the USA and Italy, studies have found evidence that lower income patients are more often treated in low-volume hospitals, where volume may be linked to quality. 31, 32 However, in the NHS in England, such differences are slight or not apparent. 33, 34 Moreover, two previous studies found no difference in short-term complication rates after a hip or knee replacement linked to deprivation, 2, 8 even when worse outcomes were observed a year later. 2 On the other hand, there may be differences in post-discharge care, such as the use of physiotherapy, that affect longer term outcomes.
Even if there are no major differences in the quality of care linked to deprivation in England, our results have implications for health service design. Improving continuity of care after discharge from hospital, especially for patients who may be isolated or home bound could help to reduce inequalities in outcomes. In a qualitative study, some patients who had undergone knee replacement described a sense of abandonment after surgery and a desire for continuing support when pain persisted. 35 In a German study, multidisciplinary rehabilitation, including education and occupational therapy, was found to enhance patients' coping strategies. 36 
Limitations of this study
The self-reported nature of the data may lead to some overestimation of socioeconomic differences in outcomes, 37, 38 compared with objective clinical measures of impairment, although these other measures are limited in scope. 39 A Canadian study that compared self-reports of mobility with measures of impairment (flexion, rotation) in a population sample aged .60 years found that higher income groups tended to understate problems with mobility compared with lower income groups, although clinician assessments seemed to be biased in the same way. 37 The authors explained this in terms of 'wishful thinking', with higher income groups preferring to view themselves as mobile. Another study found an association between lower educational attainment and reporting knee pain and arthritis, after adjusting for the presence of radiographic changes. 38 In contrast, the evidence on reporting patterns for general health is more mixed, 40 and there is evidence of under-reporting of asymptomatic conditions such as high blood pressure amongst lower income groups. 41 In our models, adjustment for preoperative disease severity should reduce fixed biases in the use of response categories, although overestimation of socioeconomic differences may persist due to under-reporting of comorbidity amongst lower income groups.
A limitation of our study was the lack of information on some risk factors such as body mass index (BMI), having arthritis in a second joint and osteoporosis, all of which are likely to be more prevalent in deprived groups. This meant that it was not possible to determine whether some of the variation in outcome could have been due to these factors. However, re-running our analysis on a sub-sample of records linked to the National Joint Registry, which contains information on some patients' BMI, the association with deprivation was similar.
Measuring socioeconomic deprivation with an area-based measure could lead to some underestimation of the association between deprivation and outcomes at the level of individual patients, assuming that the main impact of deprivation is at the individual level. The amount of underestimation would depend upon the rate of misclassification of patients who were well off but living in a deprived area, and vice versa.
Finally, there are limitations related to linkage and survey non-response. Our sample represents around half of eligible patients based on the following figures: around 80% of patients completed a preoperative PROMs questionnaire; 15 around 75% had a linked record in HES records and 86% of those who had a linked record and who met our inclusion criteria also completed a postoperative questionnaire. Investigations into the potential impact of non-response suggest that this may lead to some underestimation of the association between deprivation and outcome. 42 
Conclusion
On average, patients living in socioeconomically deprived areas had worse outcomes after a hip or knee replacement in part but not wholly due to having worse health and more severe hip or knee symptoms beforehand. Research on the relationship between health services and socioeconomic inequalities has largely focused on differences in the use of services. Our findings suggest that socioeconomic disadvantages extend to health improvement following surgery, highlighting the potential role of service design and continuity of care in reducing inequalities.
Supplementary data
Supplementary data are available at PUBMED online.
